In the preceding paper (1) , it was reported that chloroethylthiamine is absorbed well from chick intestine, mainly from the duodenum, even better than thiamine.
Chloroethylthiamine is known to be particularly active against the cecal coccidium, Eimeria tenella, when administered to chicks as a feed additive (2) . Therefore, assuming that a certain level of chloroethylthia mine at the cecal site is necessary for exerting the action, there might be three different pos sible pathways as a route of the drug arrival at the cecal site. The first possibility is the arrival through secretion of chloroethylthiamine from the circulating blood into the cecal tissue after being absorbed from the upper part of the intestine, the second is that through an urinary backflow of chloroethylthiamine from the cloaca after being excreted in the urine as suggested by Polin et al. (3) for Amprolium, and the third is that through a movement of chloro ethylthiamine along the intestinal lumen down to the ceca, although a larger part might be absorbed during the movement. In the present paper, a series of experiments were carried out to evaluate which is the most important in participating actually among these three possibi lities.
The results indicated that after oral administration of chloroethylthiamine in chicks the drug is gradually accumulated in the ceca mainly through the movement of the drug along the intestinal lumen. rinsed with the buffer, blotted on a filter paper, weighed and extracted twice by homogenizing with 15% trichloroacetic acid. The combined extracts were assayed for radioactivity.
RESULTS

M acroautoradiographv of Chick Whole Intestine
Autoradiograms of chick intestine 1, 3, 6 and 8hr after oral administration of 35S-chloro- ethylthiamine were shown in Fig. 1 . One hour after administration, the highest concentration of radioactive substance was observed at the part from the crop to the muscular stomach, while, although some radioactivity was detected in the lower part of the small intestine, no radioactivity was detected in the cecum. After 3 hr, a large amount of radioactivity was located at the site between the middle and the lower parts of the small intestine, while only a slight radioactivity was detected in the cecum. After 6hr, on the other hand, the highest concentra tion was observed in the cecum with a lower concentration along the small intestine. After 8 hr, the radioactivity was scarcely observed in the digestive tract except in the cecum where a high accumulation of radioactivity was still observed. These results suggest that chloroethyl thiamine arrives at the ceca following a move ment of the drug through the intestinal lumen within about 6hr after oral administration. Since chloroethylthiamine is easily absorbed from the duodenum and other part of the small intestine (1), however, a possibility that 355 substance was accumulated in the ceca by its secretion from the circulating blood after being absorbed can not be expelled.
In order to examine this possibility, the following experi ments were carried out.
Distribution of 35S-Chloroethylthiamine along Digestive
Tract after Injection into Chick Duodenal Loop 35S-Chloroethylthiamine was injected into the chick ligated duodenal loop and the amount of radioactivity were determined in the different part of the intestine including the cecum 1, 3, 5 and 8hr after administration. The results were represented in Table 1 . The amount absorbed was calculated from the residual amount in the loop to be 65.7 and 98.5% of the dose 1 and 5 hr after administration, respectively. In spite of this complete absorption, only a very small amount of 35S-substance was found to be distri buted in the ceca and other parts of the tract. The highest radioactivity in the ceca was found at 3 hr after administration and was only 0.39 % of the dose. The total amount of radioacti vity distributed in the whole digestive tract was 2.01, 3.09, 1.58 and 0.70% of the dose 1, 3, 5 One ml solution of 5.0mg 35S-chloroethylthiamine was injected into the lumen of the ligated loop (8 cm long), after given times 8cm sections or whole ceca were dissected from various parts of the intestine and the radioactivity determined. and 8hr after administration, respectively. It might be evident from these results that the amount of chloroethylthiamine distributed in the ceca after being once absorbed is too small to play any significant role in its action against the cecal coccidium.
Distribution of 35S-Chloroethylthiamine along Digestive Tract after Oral Adminis tration to Chicks
The distribution of radioactivity in the ceca and other part of the digestive tract after oral administration of 5.0mg 35S-chloroethylthiamine in chicks are shown in Table 2 . After 1hr the highest amount of radioactivity was found to be present between the upper and the middle small intestine and only a very small amount, 0.18% of the dose, in the ceca. After 3 hr, the highest distribution of radioactivity was found between the middle and the lower small intestine and more than 2% of the dose was found to be arrived in the rectum, indicating a downward movement of 35S-substance along the digestive tract.
In accordance with this, the amount of radioactivity in the ceca was increas ed markedly after 3 and 6hr, to about 3.8 and 6.4% of the dose, respectively, and attained to 10.8% of the dose 8hr after oral adminis tration, when only a little radioactivity could be detected in any other part of the tract. The time course of the urinary excretion of radioactivity is shown in Fig. 2 in comparison with that of the accumulation in the ceca. It can be seen from the figure that the rate of excretion of radioactivity into the urine was maximum in the period between 2 and 4hr after the administration and about 58% of the dose was excreted within the first 5 hr as compared with the total excretion of about 68 % of the dose in 12hr.
The facts that the amount of radioactivity in the ceca reached the maximum at 8hr after administration and, on the other hand, that the most of radioactivity administered was excreted into the urine before 5hr with the maximum rate between 2 and 4 hr might indicate that the accumulation of chloroethylthiamine and/or its metabolites in the ceca has no or little dependence upon those excreted in the urine.
Metabolites in the Ceca 35S-Chloroethylthiamine and its metabolites
in the ceca 8hr after oral administration in chick were separated by paper chromatography of the extracts.
As shown in Fig. 3 , several radioactive metabolites were detected. The main spot which was about 67% of the total cecal extracts was positive in the thiochrome reaction and the mobility on paper chromatography corresponded well to that of authentic chloro ethylthiamine. Thus, it is indicated that the most of radioactivity arriving at the ceca after The paper chromatogram of 35S-substances in the ceca which were distributed in the tissue after being absorbed from the duodenal loop was significantly different from that after oral administration. As shown in Fig. 4 , chloroethyl thiamine was found to be less than 30% of the total extracts and over 70% was a metabolite which was negative in the thiochrome reaction.
From these results, it might be concluded that chloroethylthiamine administered orally ar rives at the ceca mainly through its downward movement along the intestinal tract and exerts its action against the coccidium which is para sitic in the cecal epithelium.
Effect of Chloroethylthiamine on Thia mine Uptake by the Cecal Tissue
In the preceding paper (1), it was suggested as a possible mechanism of anticoccidium action of chloroethylthiamine that it might inhibit the thiamine uptake by coccidium which has a high nutritional requirement for thiamine (7) . There are, however, two possibilities in the way of exerting this inhibition.
One is that chloro ethylthiamine inhibits directly the coccidium in taking up thiamine from the host cell and the other is that chloroethylthiamine inhibits thia mine uptake by the cecal epithelium and indi rectly prevents the thiamine uptake by coccidium. ethylthiamine does not inhibit the uptake. It might be more plausible, therefore, as a possible mechanism of the anticoccidium action that chloroethylthiamine inhibits directly the thiamine uptake by the coccidium from the host cell. Chloroethylthiamine retained in the cecal tissue is thus considered to be of major impor tance in its anticoccidium activity and the distribution of 35S-chloroethylthiamine in the intestinal and cecal tissue after oral administra tion was determined. As shown in Table 4 , the amount of 35S-substance in the cecal tissue reached the maximum at about 8hr after administration, in accordance with the increase in the lumen ( Table 2 ). It was noted that the tissue from all parts of the intestine including 
DISCUSSION
From the present investigations, it was concluded that chloroethylthiamine administered orally to chicks arrives at the ceca mainly by the passage through the digestive tract and other possible pathways, that is, the urinary backflow suggested by Polin et al. (3) , the excretion into the intestinal lumen after being once absorbed and the secretion into the cecal tissue from the blood circulation are all not participating to any significant extent. The concentration of chloroethylthiamine retained in the ceca was found to be much higher after in vivo oral administration than after in situ administration into the ligated duodenal loop. After 5mg 35S-chloroethylthiamine was orally given to chicks, the part of intestine with the highest concentration of radioactivity was demon strated to move downward along the gastro intestinal tract with increasing the time and after 8hr the highest concentration was shown in the ceca, where the amount attained to 10.8 % of the dose ( Table 2 ). On the other hand, after the administration into the ligated duode nal loop, the amount of radioactivity in the ceca attained to the maximum after 3hr and was only 0.39% of the dose (Table 1 ). In addition, after oral administration of 35S-chloro ethylthiamine to chicks the most of radioactivity was found to be excreted into the urine during the first 5hr with the maximum excretion rate between 2 and 4hr.
It is evident, therefore, that the rate of excretion into the urine is too 
